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Summary 

An acidic «-D-mannosidase (a-D-mannoside mannohydrolase. EC* 3.2.1.24) 
has been isolated from culture filtrate of Aspergillus saitoi. The extracellular 
a -raannosidase was homogeneous in polyacrylamide gel electrophoresis. The 
molecular weight of the enzyme was 51000 and the isoelectric point- pH 4.5. 
The purified enzyme has a pK optimum of 5.0, a K m of 0.45 mM wittrbaker ? s 
yeast mannan and has no activity towards p-nitrophenyl-a-D-mannoside. The 
mode of action of the enzyme has been studied with baker*s yeast mannan and 
sake yeast mannan. The enzyme cleaves specifically the 1,2-a-linked side chain, 
producing free mannose. 



Introduction 

The importance of a-mannosidase (a-D-mannoside mannohydrolase, EC 
3.2.1.24) in the degradatory system of higher eukaryotic cells is well known, 
since a deficiency in the enzyme results in the lethal disease, mannosidosis. 
which occurs in both humans [1] and Angus cattle £ 2—4] . 

Jones and Ballou [5— 7| reported that the extracellular exo-l,2-l,3-a-D- 
mannosidase (1, 2-1 ,3-a-D -mannan mannohydrolase, EC 3.2.1.77) ficom Arthro- 
bacter GJM-1 cleaves the 1,2-a- and 1,3-a-linked side chains from baker's yeast 
(Saccharomyces cereuisioe) mannan atpH 6.8, producing free mannose leaving 
a resistant polymer containing mainly 1,6-a-linkages. On the other hand, 
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.Minnah Mrtracellular L2«r-D-mannosidase has been characterized from 
SS^^SSrS? 1.2-a-mannosidase does not hydrolyze bake* yeast 
i^Z*?"^^™*™*' The l^^D-mannosld^ftomA. 
nter fe hfehly spedfic for synthetic 2-O^D-mannosxdic linkages of 2-O-a-D- 
SLdbkS»d W-D-mannotriose at P H 4.8. Another a.mennos,dase from 
append to be specific for 40* and e-O-a-D-mannos^c Unkages^ 
me iSioinL mannose or N-acetyl-glucosamine residue 19]. The latter 
„S2 from A. niger is highly specific for p^trophenyl^D.manno- 
pyranosideand 4-O-a-mannopyranosyl-a-D ^nannopyranaside 

^The present report deals with isolation of an 1,2^-D-marmosid^e &om A. 
Mftof and mode of action on baker's yeast mannan and sake yeast mannan. 
producing See maLose at P H 5.0. To the best of our knowledge no manno- 
sidase with similar specificity has been reported earlier. 



Materials and Methods 
Enzyme substrates 



Mannan was purchased from Sigma (Lot. 770-0238)^ 
yeast mannan [10] was a generous gift from Dr. T. Kumagai, Researdi Inst of 
Brewin^okyo. p-NitrophWl-«-D-mannoside (CH-S167> was from Wako Pure 
Chemicals, Osaka* 

To obtain a crude enzyme product , , - 

Asaitoi MR R 3813 (now designated as ATCC 14332) was obtained from 
Prof; H. Itoika, Tokyo Science University. The mold A. saito* wasmain^ned 
o?^ agar slopes it 10'C and transferred twice per year CzapecVs medium 
and the modified Czapeck medium, containing glucose and peptone, can be 
substituted for the Koji agar slope. , , 

For the enzyme production, cultivation of A. sottoi was ca^d out in sohd 
culture (Koji-culture). Wheat bran (30 g) was thoroughly mixed ^witb 21 ml 
distilled water in a 1000-ml Erlenmeyer flask and autoclaved (1 kg/cm ^ 30 
min). The steriliaed bran was inoculated with spores of A. *g 
at 30 9 C for at least 96 h. The mold grows satisfactorily ™ 
nroduction of carboxyl (acid) proteinase having optimal pH 2.5-3.0 (11) falls 
griSt 50% 2Z cmtiral growth is more than 100 h. The flasks ~>-**j. 
Srice or three times a day to redistribute the medium and produce better tem- 

^hTm^part of the a-mannosidase produced in Koji- ^ 
was extracted with 200 ml 0.1 M sodium acetate/HCl buffer (pH 3.0). The 
^tu^adSd to a pH 5 with 1 HC1 and allowed to stand in the cold for 

5 ^eTextraction from cultures, the culture ffltrates were ^ d the pH 

was adjusted to 5. The 60-80% (NH*),S0 4 precipitate ™ 4 °' 

This a-mannosidase preparation was free of carboxyl proteinase activity. 

The enXe predpilate was dissolved with 10 vol. 0.01M 
acetic acWbuffer (pH 5.0). The insoluble materials were removed Mr£rt*£ 
cation (6000 Xg. 10 min). The «-mannosidase is concentrated byaddmg cold 
(4 J C) ethyl alcohol to a final concentration of 65%. The crude alcohol precipi- 
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tate was fractionated using centrifugation at 1 % 6 00 X g for 15 min. 

For the preparation of exude enzyme solution, the crude alcohol precipitate 
was dissolved in 0.01 M sodium acetate/acetic acid buffer (pH 5.0)/0.2 M NaCl. 
The. isoluble materials were removed by centrifugation at 12600 Kg for 15 
min. The crude enzyme solution was applied to a column of Sephadex G-100 
(see figure legends). 

Enzyme assays and protein determination 

p-Nitrophenyl-<*-D-mannosldase activity was determined according to the 
published method [9] at pH 5.0. 1 kat of the activity was defined as the 
enzyme required to liberate 1 mol of p-nitrophenol/sat 30° C and pH 5.0. 

For an a-mannosidase determination 100 ul 2% baker's yeast mannah 
dissolved in 0 J. M sodium acetate/acetic acid buffer, pH 5.0, were added to 50 
pi of the enzyme solution. After 24 h at 30 a C the reaction was stopped by 
heating to 100° C for 2 min. 15 pi of the reaction mixture were applied as a 
spot to Toyo No. 51 filter paper. For descending paper chromatography, the 
following solvent was used: n-butanol/pyrldine/water (6:4:3 v/v). Sugar 
spots were detected with the silver sodium hydroxide dip reagent [IS], For the 
crude enzyme preparation, toe stained spot of liberated mannose on the paper 
chromatogram was determined with Densitron Model-Pan densitometer (Joko- 
Sangyo Co.). 

1 ,2<t-D -Mannosidase activity of the preparation was also determined with 
the mannose released from baker's yeast mannan and sake yeast mannan by the 
method of Somogyi-Nelson [13]. Free mannose on the paper chromatogram 
was cut out and eluted with distilled water. Mannose in the eluate was evapo- 
rated in vacuo and the residue was dissolved in 1 ml distilled water. 250 pi of 
this solution were added to 250 fd of the freshly prepared alkaline copper 
reagent, and the mixture was heated at 100°C for 10 min and immediately 
cooled in an ice-water bath for 3—10 min. After addition of 250 pi Nelson 
reagent [18] and 2.5 ml distifled water, the mixture was stored for 15 rain. The 
absorfaance was measured at 660 nm in a Hitachi model 101*10 spectrophoto- 
meter or Shimazu model ultraviolet 100-02 spectrophotometer, the amount of 
mannose liberated was determined from the standard D-(+) -mannose solutions. 

1 kat 1 ,2-ct-D -mannosidase was defined as the amount of enzyme required to 
liberate 1 mol mannose from baker's yeast mannan or sake* yeast mannan per 
sat 30° C and pH 5.0. 

Protein was determined by toe method of Lowry et al. [14], using bovine 
serum albumin (fraction V, Daiichi Pure Chemicals Co.) as a standard. 

Column chromatography 

All experiments were carried out at 4* C. 'Details are described in the legends 
to the figures. 

Enzyme characterization 

Polyacrylamide gel electrophoresis was performed at 30° C with the standard 
pore formulation at pH 9.4 and 3mA constant f or gel [15] . " ' 

Molecular weight determination was performed using gel filtration on 
Sephadex G-100. The column (2 X 67 cm) was eluted with 0.01 M sodium 
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acetate/acetic acid buffer ( P H 5.0)/0.2 M Nad. The flowing Preparations 
were used at a concentration of either 5 mg/ml or 20 rngfrnh from Miles Labo- 
ratories myoglobin (Af* 17 000); General Biochemicds, porcine pepsin (M, 
34o0?)'; SSta Laboratories, egg albumin (M r 45000) and Miles Laboratories, 
human hemoglobin (M x 64 000). f11 ' , 

For isoelectric focusing [16], an LKB electrofocusmg column (110 ml voL) 
was used. Ampholines, P H 3.5-6.0 (LKB Prcdukter A*. Pack, 
1S09-1111 were incorporated into a sucrose gradient to 1%. The focusing 
ttoe was 60 h with Ihfcolumn at 4»C and 500 V. Fractions of 1.6 ml were 
collected. Absorbance at 280 nm in each fraction was estimated using micro- 
cuvettes. Immediately after the pH had been determined using a 
titrater TTT-type pH meter, the purified enzyme was dialysedaga^mt 0.01 M 
acetate buffer (pH 5.0) to remove the ampholines and then stored at 4 

Gas-liquid chromatographic analysis ofemymic 

Yeast mannan (6 mg) was dissolved in 0.5 ml 0.01 M sodium ^acetate/acetic 
acid buffer (pH 5.0). The reaction was started by adding 100 Ail 1 2^-manno- 
sidase at 30'C. After, the reaction was stopped by heat treatment at ; 100 C tot 
2min, the reaction mixture was dialyzed against tap water for 24 h and then 

^^The'dUgested mannans were dissolved in 0.5 ml dimethyl sulfoxide and 
methylated by the method of Hakomori £17]. The methylated saccharides 
were methanolyzed by treatment with 5% methanolic hydrogen chloride at 
80*C for 16 h. The methanolyzate was neutralized with silver carbonate 
filtered and concentrated. The syrupy residues were dissolved in 0.2 ml 
methanol and analyzed by gas-iiquid chromatography. Methanol solution (25 
Hi) was injected into a column (3 X 2000 mm) of 2% neopentyl glycolsuccuiate 
on n^ethyldisilazane treated Chromosorb W (80-100 me^h), flowed by 
isothermal separation at 160"C. Carrier gas (N 3 ) flow rate was 30 ml^in^ Peaks 
were identified by comparison with the experimental data of retention tune 
described by Bhattacharjee and Gorin [18]. 



Results 



Purification of l,2*c-D-mannosidase . _ , 

The crude enzyme solution obtained from the crude alcohol precipitate was 
chromatographed on a column of Sephadex G-100 (Fig. 1). A descending paper 
chromatogram of the product of the eluted a-mannosidase on baker s yeast 
mannan is shown in Fig. 2. Active fractions from No. 50 to56 were collected. 
Thespecific activity was 1.1 mkat/kg enzyme, at this stage. The 1,2^-D-manno- 
sidase could be separated from p-nitrophenyU-D-mannoside. Most p-mtro- 
phenyl-a-D-mannosidase activity emerged faster than that of 1,2^-D-manno- 
sidase (Fig.l). The p. n itrophenyl^D-mannosidase studied in this ^paper 
behaved exactly as the a-mannosidase from A. niger reported by Matta and 
Bahl [91. The carboxyl (acid) proteinase activity [11] emerged slower than 
that of l,2-«-D-mannosidase, because the molecular weight of the carboxyl 
proteinase was 35 000. _ nl , 4V 

The enzyme eluted from Sephadex G-100 was applied to a column of DEAE- 
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Froct 'oa number 




Fig. 1. Gd filtration of crude tmrme preparation from the alcohol precipitate of A. rafto* ott Sepbadex 
G-100. Column: 5 X60 cm, Eluent: 0-1 M sodium acetate acetic/actd buffer <pM 5.0) JO. 2 M Nad flow 

rate: 20 xnl/h. Fraetioo rolum&: 10 ml , protein; O o, a-mannosldase activity and • 

p-iUtro^henYl^IVxaannosidase activity. The dark bar tractions were collected, 

Fi«. 2. Descending paper chroinaloeram ot the enxymle product of tbe tt-raannosidase from A^stdlol on 
baker's yeast manna a. The numbers in the paper chromatogram indicate the enzyme fractions separated 
from Sepbadex G-100 tcl fiUratCon procedure, as shown in Flf. 1. Man, raannose. Gic, glucose. 



Sephadex A-50 (Fig. 3). The specific activity was 7.7 mkat/kg enzyme, at this 
stage. The eluted enzyme was applied to a column of SP-Sephadex C-50 
(Pig. 4). The specific activity of the purified l,2-«~D-ro&nnosidase was 11.5 
mkat/kg enzyme. 

The results of the purification are summarized in Table I. 

Enzyme characterization 

The optimum pH with baker's yeast mannan was 5.0 as described in Fig. 5. 

The purity of the final step product from the SP-Sephadex C-50 was checked 
by polyacrylamide gel electrophoresis. The protein migrates as a single band on 
gel electrophoresis at pH 9.4. An Isoelectric point of the 1,2-a-D-mannosidase 
was 4.5 on isoelectric focusing. According to the gel filtration molecular weight 
value of the l,2-a~D~mannosidase was determined to be 51 000. The purified 
preparation was free from the carbosyl proteinase activity having an isoelectric 
point pH 4.08. 

About 70% or more of the 1,2-a-D-mannosidase activity was stable at a tem* 
perature of 4*C for 40 days in 0.01 M acetate buffer (pH 6.0)/0.& M NaCl. 

Solution of freeze-dried 1,2-a-D-mannosidase in distilled water or in 0.01 M 
sodium acetate/acetic acid buffer (pH 5.0) showed 90% or more of the activity. 

The 1,2^-mannosidase activity in 0.01 M sodium acetate acetic acid 
buffer (pH 5.0) was stable at 45° C for 10 min. The activity decreased by about 
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Fit 3 DEAE-Sapbadex A-SO ehxomatoerapby of A. ««e«l amaiinostd**© torn. Sepbadex O-10O pan. Tbe 
"llmottl coiled wl* 0.01 M ,od*m MeHte «« ^ te ^^°^"w 

perfotmed «tth 0.01 M .«et»ta buffer <pK 6.0) with tocrea^ cono^UaUo* of «I» fwdieal. How 

10 ml/h- F«eUcn voluom: 5 ml Protein; « o. «w,«n«„lda«e actMCr and N.O. 

Tbe dark baz fracBoaj wee t collected. 

Ftt.4. SP-Sepbadex OS0 ebrom*toeiapby ol A. witol o-nuumotldaM from DBA^Sapbado* from DEAE- 
s£bad« A^0 ««- Tba eobima (1 XS0 ami *«« e„u«Ubrat«d with 0-01 If «odl«m •£* 
bSl« <PH Elutloa waa p**tormed witb 0.01 M aodi-m aaatatejaeedo add buffer (pK 4-&>^m 

lucre-ufaa concentration ol salt gradient. Flow rate: 10 ml/b. Fraction volume: 5 znL • • proton, 

b. a-aannosldase activity and - • , NaCI. Tbe dark bar fraction. «ere eoU«cted. 



50% at 60° C after 10 min. 90% or mote of the activity was lost at 70° C for 10 
min, probably due to thermal denaturation of the enzyme. 

Specificity of an a-D-mannosidase from A. saitoi 

As shown in Fig. 2. an a-D-mannosidase from 4. saitoi hydrolyzed bakers 
* yeast mannan, producing free mannose. The enzyraic digest* mannose, obtained 
from sake yeast mannan was identical with that of the baker's yeast mannan. 
No oligosaccharides obtained by enzymic digestion were shown on the paper 
chromatogram (Fig. 2). ■ . 

The reaction mixture was dialyzed, lyophffized and then analyzed by gas- 
liquid chromatography. Fig. 6 shows a chromatogram of the methanotyzate of 
the premethylated baker's yeast mannan. The results in Table II show that the 
rapid decrease of methyl-3,4,6-tri.O-methyl-D-mannoside was found in the 



TABLE I 

PURIFICATION OF ASPERGILLUS SAITOI l,*-«-D-MANKPSlDASB 



Fraction 


Vol, 
(ml> 


Total 

actively 

iokMt) 


Total 

protein 

{vat> 


Specific 
activity 


Purification 


Yield! 
W 


Crude Alcohol pxeclpltate 
Sepbadex G-1O0 
DBA&Sepbadcx A -50 
SP*Sephadcx C-50 


66 
82 
25 


90 
32 
18 


85 

1.6 


0.2 
1.1 
7.7 
11.5 


1 
6 
39 
68 


100 
35 
12 
7 
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n*&BHectaf ir Retertibn time fain) 

&om the nonreductag iSLT ^ J^W?* the sInBle mannose "nit 
feast [51 and sak! «L*?i7i l^-D-lmked side chain from baker's 

nannosidLe than sakfveL "mJZ ^ 8 ***** *» * saitoiaV- 

»I«rt yea* mann* i 4Tf iSSSTS- k a 5 ubI f hed data Seated that the 
.^•linked «HX a^ed^ ^ and 

^ unea co l,6-a4inked backbone [6,19,20}. It was 



is 



ABLE It 



east mannm 



*4 y mt 



zeftctfon 



(minj 



0 

30 
120 
0 

30 
120 



ReUtive taoUr ratio 



Mettayi-2,3-4.6- 
tetra<?~t»ethyi- 

(Relative' reten- 
tion ttae. l.OO) 

I.0O 
IM 
1J00 
1.00 
1.00 
1.00 



Methyl^ 1 4 1 6- 
trf-O-m ethyl- 
D-ntanoiide 
(Relative nUn - 
Hon time, l.ed) 



0,46 (1.00> 
0,36CO.70> 
0.3* (0.76) 
0.42 (1.O0) 
0-37 <0.89) 
0.35 (0.84) 



Methyl-2.4,6- 
tKtO -methyl- 
D-maxmosfde 
(Relative reten- 
tion time. 2.42> 



0.43 a-00) 
0.42 (0.98> 
0.49 (0.94) 
0,78 (t.0O> 
0.73 (0.94) 
0.76 (0.97) 
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recognized that the molar ratio of 1,2-a- and 1,3^-linked side chains of baker s 
yeast mannan was 1 : 1 (19,201. Kumagai et al. [10] found that the sake yeast 
mannan had a similar structure to that of baker's yeast mannan. However, some 
differences were found iri their branch structures. In the sake yeast mannan, 
twice as much 1,3 -a -linkage was found as 1,2-a -linkage. 

According to the experimental results of Bhattacharjee and Gonn [18], 
merayl-2*,3,4tri-0-methyl-D-mannoside could be separated from methyl-3,4,6- 
tri-O-methyl-D-mannoside. In Fig. 6 of the present study, we could not detect 
methyl-2,3,4-tri-0.methyl-D-mannoside. From the studies of the structure of 
baker's yeast mannan, our" results in Fig. 6 can be explained in that the bakers 
yeast mannan is a highly branched polysaccharide with .1,6 -a -linked back- 
bone, and that there are few 1,6-a-linked backbone mannoses in the baker's 
yeast mannan without 1,2-a- and 1,3-a-linked side chains. 

It was assumed that the enzyme could not cleave 1,3-a-linkages and 1,6-a- 
linkages in these substrates, because decrease of methyl-2,4,6-tri-0-methyl-D- 
mannoside and methyl-2,3 f 4,6-tetraO-methyl-p-mannoside was not observed 
on prolonged incubation. 

The time course of decrease of methyl-3,4,6-txi-<?-methyl-D-mannoside in 
Table II shows that the reaction for decrease of methyl-3,4,6-tri-Ormethyl-p - 
mannoside was initiated with a rapid hydrolysis. It was assumed from the 
Fig. 6 and Table II that the resistant polymer from the enzymic product could 
be a 1,6^-linked core-polymer containing mainly l,3-a4inked side chains and 
1,2-a-linked di- and trisaccharides with terminal l,3^a-D -linked side chains. The 
results obtained by the present studies with yeast mannan suggested that A. 
saitoi a-D-mannosidase hydrolyzes only Man al -*■ 2 Man linkage. 

The K m value for the baker's yeast mannan from a Lineweaver-Burk plot was 
0.45 mM, based on a molecular weight of 22 000 [5]. 

Discussion 

A. saitoi a-raarmosidase described in this report is active on yeast mannan, 
producing free mannose. Many a-mannosidases are known and, of these, the 
enzymes of rat epididymis [21], jack bean meal [22], marine gastropods [23], 
S. cerevisiae [24] and A. niger [9] have been studied extensively. Significant 
differences exists between these enzymes and A. saitoi a-mannosidase described 
in this paper. One notable difference is that A. saitoi a-mannosidase was not 
active on a-mannoside with aromatic aglycon, p-nitrophenyU-mannoside, 
whereas the compound is a good substrate for the other five enzymes. This 
finding could be related- to the different metabolic roles of the various 

enzymes. ... 

A. saitoi a-mannosidase, on the other hand, exists presumably for the pur- 
pose of digesting yeast mannan. The glycosidic linkages in this substrate are 
adjacent almost exclusively to other polar mannose residues. Thus, the 
a-mannosidase from A. saitoi might be expected to be less active on mannoside 
containing nonpolar aglycon. 

Another significant, difference between A. saitoi a-mannosidase and the 
1,2-a-mannosidase from A. niger reported by Matta and Bahl [9] is that A. 
saitoi a-mannosidase was active on baker's yeast mannan, whereas the yeast 



mannan is not a substrate for the 1,2-a-manriosidase from A. niger. 

Studies with the oligosaccharides obtained by autolysis of S. cere vmae i have 
shown that Arfhro6acter-a-mannosidase [6] cleaves 1,2-a-, 1,3-a- and 1,6-a- 
linkages in these substrates, releasing a mannose residue from theur non- 
reducing ends [6J. Arthrobacter a-mannosidase was not able to hydrolyze 
myoinositol-2-O-a-D-mannoside. This finding suggests that the Arthrobacter 
a-mannostdase is very sensitive to the structure of the aglycon. 

Preliminary results have confirmed, by incubation with radioactive oligosac- 
charides, that A. saitoi a-mannosidase preparation is free from contamination 
with fl-mannosidase, j5-^alactosidase, pV/-acetylhexosaminidase and o-L-fucos- 
idase [25]. None of the substrate oligosaccharides was hydrolyzed. The results 
obtained by the present studies with baker's yeast mannan suggested that A. 
saitoi a-mannosidase hydrolyzes only Man al -> 2 Man linkage. For further 
confirmation of this specificity, the action of A. saitoi a-mannosidase on a 
series of small oligosaccharides, Man al - 2 Man al -> 3 Man 01 - 4 GlcNAc, 
Man al - 3 Man 01 - 4 GIcNAc and Man al -> 6 Man 01 -» 4 XylNAc was 
investigated [25]. The preliminary results showed that A. saitoi a-mannosidase 
can hydrolyze only Man al -+ 2 Man al - 3 Man p*l -» 4 GIcNAc at the Man 
al - 2 Man linkage [26]. The K m and V values were calculated as 0.8 mM and 
10 fimol/min per mg enzyme, respectively. 

It can be concluded that A. saitoi a-mannosidase is highly specific for 1,^-a- 
D-mannosidic linkage and therefore readily hydrolyzes baker's yeast mannan. 
The trivial name A. saitoi 1,2-a-D-mannosidase is suggested for this new 
a-mannosidase. 

References 

1 Oekeiman, P.A. (1967) LaocetH. 239-241 , 

2 Phillips. N.C.. Robinson. D„ Winchester. B.C. end JoBy, R.D.(1874) Biochem. J. 137. 3S3-371 
I uZlu. N.a. tundWad. A.. Ockerma*. P.A. end Jolly. R.D. tf978> 

4 Bwrdit't, L.J.. Phillips, N.O, Robinson. O., Winchester. B.C., Van-De-Water. N.S. and Jolly. 
• (1»T8) Biochem. J. 175. 1013— 1022 

6 Jones. O.H. and Bailout, CE. (1968) J. BloL Chan. 243. 2442-2446 

5 Jooet. O.H. And BaBou. C.E. (1969) J. BtoU Chem. 244. 1043-1051 

7 Jones. <?.H. and BaHou. C.K. (1969) J. BioL Chem. 244, 1 052-1066 

8 Swammatben; H., Mattt. KX.. Doooso. L.A. and Bail, Om. P. (1972) J. BioU Cheoi. 247. 177S-1779 

9 MaHa.RUUaftdB^Om.P.U972)J.Btol.Chem..247.1780-1787 

10 Kuibj«U. T.. Nunokawe, V. and Atdyama. V. (1971) Rept. Ret. Inst. Brewmfc Mo. 143, 31-38 

11 Ichlshlma. E. (1970) Methods Eniymol. 19, 387—406 

12 Aaet. E.F.LJ. and Reynold. T.M. (1954) Nature 174. 930 

13 Somogyl-Helson, M. (1852) J. Biol. Chem. 195. 19 23 „„, ,_, 

14 Loteey, O.K.. Rotebrouch. NJ, Farr. A-L. and Randall. R.J. (1951) J. Biol. Chem. 193. 265-275 

15 Diwis, B.J. (1964) Ann. K.Y. Acad. Scl. 121. 404— 427 

16 Vssferbetg, O. (1971 ) Methods Enxymol. 22, 389—412 

17 Kakomoei. S. (1964) J. Biochem. 56. 205—208 

18 Bbattacbarfee, S.S. and Oorfn, P.AJ. (1969) Can. J. Chem. 47. 1207—121 5 

19 L*e, Y.C. and Ballon, C.E. (1965) Biochemistry 4, 257-2S4 

20 Stewert. T.3., Mendenbausen. P.B. and Ballon, C.B. (1968) Biochemistry 7, 1843-1864 

21 Muramatsu. T. (1967) J. Biochem. 62, 487—484 

22 LI, V.-T. (1967) J. Biol. Chem. 242, 6474—5460 

23 Conchle, J„ Flndlny, J. and Levry, O.A. (1959) Biochem. J. 71, 318-324 

24 Ophelia. D.J. (1978) Biocblm.BiophyJ.AcU 624, 121-130 

23 YamuhJU.K.. lehlsehima. B., Aral. M. and Kobata, A. (1980) - Btochem. Biophya. Res. Common. 96, 
1335—1342 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




GRAY SCALE DOCUMENTS 



LINES OR MARKS ON ORIGINAL DOCUMENT 



